Introduction
Dust impact sensors collected data in the coma of 1P/Halley (McDonnell et al. 1990 ) and 26P/Grigg-Skjellerup (McDonnell et al. 1993 ) during the flybys of ESA's Giotto spacecraft, 81P/Wild 2 (Green et al. 2004 ) by NASA's Stardust probe, and 9P/Tempel 1 (Economou et al. 2013 ) by NASA's Deep Impact spacecraft. These were all flybys with the spacecraft speed V SC ranging from 6 to 72 km s −1 , that is, orders of magnitude higher than the dust speed in the coma. While it was possible to convert observed dust momenta into mass values, it was impossible to distinguish the dust particles coming directly from the nucleus (direct) with respect to those emitted toward the Sun and reflected back by solar radiation pressure (reflected). It was shown (Fulle et al. 1995 (Fulle et al. , 2000 that in the case of a strong dust production anisotropy (much more dust emitted from the subsolar area than from terminator areas), the space density of direct and reflected particles might be similar. While direct particles are distributed over all size bins, the reflected ones tend to populate the largest size bins, building up an excess of millimeter and larger particles. The dust size distributions observed at the three above-mentioned comets during the flybys show the same largeparticles excess. However, this might have no real counterpart in the dust size distribution produced at the nucleus surface, meaning that the large-particle excess may stem entirely from the reflected particles. Models of dust dynamics for cometary comae and tails predict a mm-sized excess for the size distribution of reflected dust particles, whereas no such excess is predicted in the size distribution of the direct particles.
ESA's Rosetta comet rendezvous mission offers the first opportunity to overcome the problems described above. The spacecraft speed relative to the nucleus during most of the mission is slower than the dust speed. Thus 1) the dust speed can be directly measured by the Grain Impact Analyzer and Dust Accumulator (GIADA); and 2) GIADA pointing can distinguish between direct and reflected particles. Thanks to these capabilities, the dust flux per mass bin can be determined and provide the averaged dust mass distribution at the nucleus surface (Rotundi et al. 2015) . The only limiting condition comes from the spacecraft orbit configuration: specific scientific objectives have to be achieved during specific trajectories. In the case of terminator orbits and a strong anisotropic dust emission, the received dust flux is not representative of the overall comet activity. The true dust mass-loss rate and size distributions can only be obtained by passing above the subsolar area. When the dust-loss rate ratio between subsolar and terminator areas remains roughly constant in time, it is possible to search for 1) high-rate dust emissions areas; 2) dust activity increases with decreasing heliocentric distances; and 3) the dust acceleration region. In this paper we show and discuss the results obtained by GIADA from midSeptember 2014 to the beginning of February 2015.
GIADA instrument
GIADA onboard Rosetta was designed to determine the physical properties and the fluence of cometary dust Colangeli et al. 2007 ). The information on single particles is derived by two subsystems mounted in cascade ( Fig. 1) : the Grain Detection System (GDS) and the Impact Sensor (IS). The GDS detects particles crossing a laser curtain 10 × 10 cm 2 and 3 mm in thickness, starting a time of flight counter from the GDS to the IS, to retrieve the particle speed. The laser light scattered or reflected by the particle is detected by the photodiodes mounted at 90
• with respect to the lasers, the amplitude of the signal is linked to the particle geometrical cross section (Mazzotta Epifani et al. 2002) . The IS consists of a 0.5 mm thick aluminium square diaphragm (sensitive area of 100 cm 2 ) equipped with five piezoelectric sensors (PZTs). When a particle impacts the sensing plate, the generated bending waves are detected by the PZTs, whose output is monotonically related to the particle momentum (Esposito et al. 2002) . The coupled GDS + IS system, with a field of view of 37
• , determines particle speed, momentum, and mass. In addition, GIADA data can constrain 1) the trajectory for each detected particle; 2) the particle size (equivalent diameter, i.e., the diameter of the circle with the same area as the particle geometrical cross-section); and 3) the particle density. The dust mass fluence is measured by the MicroBalance System (MBS), which is composed of five Quartz Crystal Microbalances (QCMs) mounted on the GIADA top plate around the entrance (Fig. 1) . The QCMs, each with a field of view of 40
• , characterize the dust flux within a solid angle of 180
• . Each QCM is equipped with a pair of sensing quartz crystals. One crystal is exposed to dust deposition, while the second is used as a reference for the vibrating frequency. The addition or subtraction of small mass deposits on the exposed quartz crystal induces a change in the resonating frequency of the quartz crystal. The dust fluence is derived from the beat frequency of the two crystals: the output signal is proportional to the mass deposited on the QCM (Palomba et al. 2002) . The sensitivities and the upper detection limits for each GIADA subsystem are reported in Fig. 1. 
GIADA detections
GIADA detections, relying on the particle physical characteristics (tensile strength, size, and optical properties) occur with the following combinations: 1) only the GDS subsystem detects the particle (GDS-only detection); 2) only the IS subsystem detects the particle (IS-only detection); and 3) both GDS and IS subsystems detect the particle (GDS-IS detection). This Fig. 1 . GIADA working principle and measurable dust parameters. Panel a): block diagram displaying the GIADA subsystems and the path of the incoming dust particle. The bottom panels provide dust particle parameters directly measured by GIADA (panel b)), derived from the measurements (panel c)), and obtained after selecting specific calibration curves dependent on dust optical properties (panel d)).
subsystem response is well characterized on the GIADA protoflight model (PFM) located in a clean room for calibration purposes . Calibration activity, performed with comet dust analogs ranging from mineral grains of selected sizes to minerals coated with amorphous carbon and porous low tensile strength particles (Ferrari et al. 2014) , assessed that the specific detection type provides additional information on the physical properties of the particle. Particles with a momentum below the IS sensitivity and sizes >150 µm, if with optical properties similar to amorphous carbon, and >60 µm if with optical properties similar to silicates, lead to a GDS-only detection. In addition, highly porous and fluffy particles with impact contact times >10 µs are not detectable by IS even if the momentum is higher than the subsystem sensitivity (>10 −10 kg m s −1 ). An example of this type of particles is described by Krueger et al. (2015) . Dust modeling showed that GDS-only detections are associated with low-density (<1 kg m −3 ) porous aggregates of submicron grains (Fulle et al. 2015a ). Particles with a momentum >10 −10 kg m s −1 and sizes below the GDS sensitivity lead to ISonly detections. Particles with physical characteristics satisfying the detection limits of both subsystems lead to GDS-IS detections, providing the complete set of physical parameters (Fig. 1) . IS-only and GDS-IS detections are associated with compact particles having densities comparable with (1.9 ± 1.1) × 10 3 kg m −3 (Rotundi et al. 2015) . In the following we refer to GDS-only detections as fluffy particles and to IS-only and GDS-IS detections as compact particles. When a distinction between IS-only and GDS-IS detections is necessary, we refer to IS-only detections as small compact particles. To describe the spatial distribution of A13, page 2 of 10 Notes.
( * ) Particles >800 µm were detected: for these we cannot determine the size because of the GDS subsystem saturation.
particle detections, we refer to the coordinate system by Preusker et al. (2015) .
Results
From 15 September 2014 to 5 February 2015, Rosetta followed a series of bound circular terminator orbits at distances of 10 km, 20 km, and 30 km from the 67P nucleus center (Fig. 2) . During this phase, GIADA detected a total of 1056 fluffy and 202 compact particles (Table 1, Fig. 3 ). The fluffy particles detections normally occurred as showers of numerous particles clustered in space and in time with durations of up to 30 s (Fulle et al. 2015a ). In the following we describe the results we obtained and the information we were able to derive from all the detections.
Dust environment: dust spatial distribution
Operating in continuous monitoring mode during the boundorbit phase, GIADA detected sufficient particles to allow a 3D dust spatial distribution reconstruction. To infer possible information on the emitting area at the nucleus surface from the detection positions and also information on how the particles disperse in the cometary coma, we plotted particle detections as a function of particle type and also by cometocentric distance (Fig. 4) . • ), suggesting that they are produced in a specific common area linked to the neck region of the nucleus, that is, the Hapi region (Thomas et al. 2015, Figs. 4d, g ). In Table 2 we report an example of compact particle detection event times, latitudes, and longitudes as they occurred along the 10 km orbit. Compact particles are more dispersed at distances of 20 km and 30 km from the nucleus, but a concentration at latitudes between 40
• and 70
• remains visible (Figs. 4e, f, h, i). The dispersion in latitude and longitude is probably due to a slight deviation of the particle trajectories from the radial direction. Different spatial distributions for the particle types suggest that emission processes and/or interactions with the coma depend on particle physical properties, such as charge, mass, and density.
Dust distribution versus illumination condition
To show the different spatial distributions with respect to illumination conditions, we plot the percentage of detections with respect to the angle Sun-67P-Rosetta, that is, the phase angle (Fig. 5) . From the plot we derive a different behavior of the fluffy particles with respect to the compact particles. The number of fluffy particles does not vary significantly with respect to the phase angle: they are also detected in a non-negligible percentage on the nightside. In contrast, compact particles are strongly enhanced for phase angles from 30
• to 40
• .
Dust activity versus decreasing heliocentric distance
To explore the possibility of an increasing cometary activity at decreasing heliocentric distance, we monitored the dust production during the four months of bound orbits. . Percentage of particles with respect to the phase angle at which they were detected. The particle numbers are doubly normalized: 1) the number of particles detected at each phase angle divided by the total number of particles of that specific type was calculated; and 2) the obtained ratio was normalized to the time spent by the spacecraft at specific phase angles. Fig. 6 . a) Number of fluffy particles vs. week of the year, and b) number of compact particles vs. week of the year reported with decreasing heliocentric distance. Week 46 shows an enhancement in dust particle detections due to the low phase angle trajectory flown during landing operations.
In Fig. 6 we group the number of particle detections per week rescaled to a single comet-centric distance. We note that the fluffy particles do not show a clear increase with respect to decreasing heliocentric distances (Fig. 6a) . To study a possible increase of the compact particles emission, we recall that they do show a strong dependence on phase angle (Fig. 5) . We thus focused on detections that occurred when the spacecraft was flying along the terminator, not including week 46 when the manoeuvre to allow the Philae landing brought the spacecraft to phase angles <60
• . In addition, strong fluctuations are evident in the detection trend. These are due to the high anisotropy of compact particle emission with respect to latitude (Figs. 4d, g ). To really compare coherent observations, that is, at similar phase angles and latitudes, detections that occurred during weeks 38 to 40 have to be compared to those that occurred during weeks 2 and 4 ( Fig. 6b) . A rough estimate of the dust production increases from 3.36 to 2.43 AU leads to a factor of about 6 (Fig. 6b) .
Dust detection versus pointing off-nadir angle
An additional differentiation among the particle types is related to the GIADA pointing configuration. In Fig. 7 we report the number of particles divided per type vs. the off-nadir angle. The plot shows that while compact particles are detected when GIADA is pointing near nadir (given the wide GIADA field of view, nadir is up to 30
• off-nadir pointing), some fluffy particles are detected at larger off-nadir angles. This can be explained by either assuming that fluffy particles move along trajectories that are quite different from the radial direction or because their trajectories are influenced by electrostatic interactions with the spacecraft (Fulle et al. 2015a) . It is interesting to note two compact particle detections that occurred very close in time and when GIADA was pointing in the zenith direction. These are reflected particles, that is, particles that are falling back to the nucleus. They were detected by the IS with a momentum of about 2 × 10 −8 kg m s −1 . From the combination of two different IS calibration curves, that is, particle momentum vs. IS signal and particle kinetic energy vs. IS signal, we can make a rough estimate of the speeds of these two particles and thus derive their masses. The result is on the order of 10 −8 kg, which is in the range of the highest masses detected by GIADA. This supports the hypothesis of reflected particles.
Dust dynamical properties
The compact particle mass and speed distributions with respect to latitude and longitude at three cometocentric distances were analyzed (Fig. 8) . The maximum spread in mass and velocity values is found at the coordinates we already highlighted to spot the most active areas (see Sect. 3.1). The particles detected below the equator have low speeds. In Fig. 9 we report the trend of the compact particle dust speeds with respect to their masses, v ∝ m γ . We derived the power-law index of the massdependent dust speed and its confidence interval by applying the boostrap statistical method to the data, from which we obtained γ = −0.32 ± 0.18, which is consistent with the expected values of −0.1667 (see Sect. 4). To infer preliminary information on the dust acceleration region, we studied a possible systematic increase of the dust speed with respect to the nucleus distance. We classified the dust speed data into three subgroups according to the cometocentric distance: up to 15 km (labeled as 10 km), from 15 to 25 km (labeled as 20 km) and from 25 to 35 km (labeled as 30 km). Each set of data was grouped into speed bins (Figs. 9b−d) . We fitted the data with Maxwell distributions due to the data skewness. We determined the speed confidence intervals by means of the bootstrap method and obtained (2.5 ± 0.8) m s −1 , (3.0 ± 1.0) m s −1 , and (4.3 ± 0.9) m s −1 for 10, 20, and 30 km, respectively. These results suggest a possible speed increase between 10 and 30 km.
Dust flux measured by the microbalance system toward different directions
Since the first week of May 2014, the microbalance system (MBS) monitored the deposition of dust particles smaller than about 5 microns on the five quartz crystal microbalances (QCMs) pointing in five different, roughly orthogonal directions. During the first four months of measurement, the MBS did not register any mass accumulation. In September 2014, QCM1 and QCM5 began measuring dust accumulation (Fig. 10) . We stress here that QCMs are characterized by a residual thermal dependence: the two quartz crystals drift differently with respect to the environmental temperature (Palomba et al. 2002; Battaglia et al. 2004) . To overcome the temperature-dependence problem, we performed isothermal readings. We selected for show an increase in frequency during the bound orbit phase (Sept. 2014 −Feb. 2015 due to the dust mass accumulated on the quartz sensors. A strong anisotropy in the dust flux is inferred by comparing the much steeper frequency increase of QCM1, pointing toward the Sun (top panel) with respect to QCM5, pointing nadir (middle panel). The QCMs residual signal noise is due to the sensor thermal hysteresis. This effect is particularly evident for QCM1 for which the signal appears as a double line since GIADA commissioning after the Rosetta hibernation phase, giving a frequency error of 5 Hz, which is twice that of the other QCMs. The bottom panel shows the phase angle and the distance from the nucleus at which the data were acquired. each QCM the temperature reference values, that is, the most frequent one reached during the whole bound-orbit phase. To confirm that the frequency shift trend obtained was really linked to a mass accumulation, we also checked the frequency trend using temperature readings other than most frequent ones.
To evaluate the dust mass accumulated on the QCMs, we rescaled the frequency readings to a fixed spacecraft nucleus distance of 10 km. We report in Table 3 the dust mass accumulated for each week of the bound-orbit phase. These results show a strong anisotropy in the dust flux. Thanks to the MBS configuration, QCMs measure the dust flux coming from roughly orthogonal directions. During the terminator orbits, that is, a phase angle of about 90
• , QCM1 pointed roughly toward the Sun, measuring the dust flux coming from the subsolar point and reflected by the solar pressure. In this configuration, the QCM5, pointing nadir, measured the dust flux coming from areas in dusk or dawn. This observing geometry was maintained for most of the bound-orbit phase, resulting in a cumulated mass emitted from the subsolar areas and subsequently reflected by the solar pressure (QCM1) three times greater than the cumulated mass emitted from the terminator (QCM5), see Table 3 . The flux of the submicron particles increases with decreasing heliocentric distances: weeks 15 to 20 (Table 3) show a generally increasing dust accumulation on both QCM1 and QCM5. Notes. When no value is given, the mass increment is below the QCM sensitivity.
Discussion
Fluffy particles are porous aggregates of submicron grains produced from the nucleus. They range in size from 0.2 to 2.5 mm and their equivalent bulk density is up to 1 kg m −3 . They are charged, fragmented, and decelerated by the spacecraft negative potential and enter GIADA in showers of fragments at speeds <1 m s −1 (Fulle et al., 2015a) . We suggest that these fluffy particles resemble the 67P particles collected by COSIMA (Schulz et al. 2015) having a tensile strength such that they could break apart on impact. This behavior is consistent with fluffy particle fragmentation (Fulle et al. 2015a) . Morphological analogs could be explored among collected extraterrestrial dust particles: 1) the chondritic porous aggregates, the ultrafine-grained matrix with occasional micron-sized iron-sulfide and/or Mg-rich olivine grains (Rietmeijer 2002) ; 2) cluster IDPs, a mixture of micron-sized grains and 5−20 micron sulfide and silicate minerals (Rietmeijer & Nuth 2004; Thomas et al. 1995) ; and 3) giant cluster IDPs (Messenger et al. 2015) . GIADA fluffy lowdensity aggregates analogs among the Wild 2 particles could be the volatile-rich aggregates producing bulbous tracks (type C, Hörz et al. 2006) , in the capturing aerogel, leaving organic IR features along the track and carbon-rich small fragments completely scattered throughout the track (Sandford et al. 2006; Rotundi et al. 2008) . Compact GIADA particles can be associated with Wild 2 dense mineral grains, forming type A carrotlike thin trails (e.g., Hörz et al. 2006; Rotundi et al. 2014) , and/or to cluster IDPs carving type B bulbous trails ending in stylus tracks (e.g., Hörz et al. 2006; Rotundi et al. 2008) . Compact and dense particles with bulk density constrained in the range (1.9 ± 1.1) × 10 3 kg m −3 (Rotundi et al. 2015; Fulle et al. 2015b ) and sizes (80 to 800 µm) that prevent their dynamics to be affected by coma and spacecraft potentials (Fulle et al. 2015a ). Fluffy and compact particles detected by GIADA show a different detection spatial distributions. This different behavior might be associated with their physical properties, such as mass, size, morphology, and shape, or might be associated with a different driving factor of the emission process and/or with a different behavior toward the gas-dust interaction after emission. Fluffy particles are detected over a wide range of longitudes and latitudes (Figs. 4a−c) , and thus it is difficult to infer information on a possible preferred emission area. The observed dispersion might suggest that their emission is associated with a driving factor present quite uniformly over the nucleus surface. For comet 103P/ Hartley 2, the presence of low-density dust aggregates is correlated with the presence of CO 2 (Protopapa et al. 2014) . Comet 67P shows a high CO 2 /H 2 O ratio at negative latitudes (Hässig et al. 2015) , consistent with the spatial detections of fluffy particles. An oversimplified interpretation would lead to a connection between the fluffy aggregates and the CO 2 emission. However, there are fluffy particle detections clustering at positive latitudes, especially along the 10 km orbit (Fig. 4a ) that tend to shift toward negative latitudes at higher cometocentric distances (Figs. 4b, c) . This can also be interpreted as a rapid dispersion in the coma of fluffy particles because of electrostatic forces acting on fluffy particles alone and a different level of coupling with the gas with respect to the compact ones (Figs. 4d to i).
We are inclined to associate the high-rate particle detections with the presence of H 2 O on the nucleus. Comet 67P showed a quite localized gas activity, especially when studying the water vapor emission. MIRO measurements confined a substantial portion of water outgassing to the comet neck region (Gulkis et al. 2015) . ROSINA showed that H 2 O peaks are observed when the neck is in view of the spacecraft, and more in general, a higher H 2 O production is measured from regions at positive latitude and ± 90
• longitudes (Hässig et al. 2015) . These H 2 O-rich areas are consistent with the coordinates of compact particle detections constrained by GIADA, of course recalling that dust more than gas would deviate from the radial direction, resulting in different longitude values. VIRTIS onboard Rosetta describes the surface of 67P as coated by a complex mixture of organics that are generally dehydrated except for in active areas showing a small amount of water ice . Ciarniello et al. (2015) attributed the slightly brighter aspect of the neck area with respect to the rest of the nucleus to enrichment in water ice. OSIRIS, the Rosetta camera, imaged meter-sized bright spots in the neck area, for example, that were interpreted as due to water ice exposure: dark mantle fragmentation exposes the icy material beneath it, which, triggered by insulation, might be responsible for the activation of new dust-emitting areas (Pommerol et al. 2015) . This process might explain the GIADA compact particle detections that occurred only late in the bound-orbit phase at negative latitudes. An additional hint that compact particles are associated with the neck area can be found in the lack of compact particle detections for phase angles <30 (Fig. 5) . In fact, although at small phase angles a higher compact particle detection rate was normally registered, in this case, compact particle detections are missing because the trajectory was not in view of the neck area. The connection of compact particle production to the comet water ejection rate needs a much more detailed study and modeling to implement a trace-back scenario. To this end, the spatial distribution of the dynamical properties of the particles is critical. This work is in progress; for the time being, we only note that the highest values for particle mass and speed are related to confirmed active areas. These dust particle dynamical parameters support a preliminary study of the acceleration region within the 67P coma. The analysis of the particle speeds for different cometocentric distances resulted in an increment of the speed from 10 km to 30 km. We consider the dust drag equation in a spherically symmetric coma (Wallis 1982) balancing the dust acceleration with the gas drag and the nucleus gravity forces:
where v is the dust velocity, r is the distance from the nucleus center, C D = 2 is the dust drag coefficient, GM n = 667 m 3 s −2
is the gravitational constant times the 67P nucleus mass , u is the gas speed, and λ = √ a/a max depends on the ratio between the dust diameter a and the diameter a max of the largest particle that can escape the nucleus surface. This equation can be easily integrated from the nucleus surface at r = R (where v = v 0 ):
For all GIADA speeds, v u, so that a working approximation (error <0.1%) is the second-order Taylor expansion,
where a max = 17 mm (Rotundi et al. 2015) . For a a max , Eq. (3) provides γ = −0.1667. Since 67P is very far from a spherical shape, R can be considered the distance from the nucleus center, where the spherical symmetry becomes a good approximation. About 90% of the dust speeds were measured by GIADA in the mass bin from 10 −8 kg to 10 −7 kg. Assuming a mean bulk density of 2 × 10 3 kg m −3 consistent with Rotundi et al. (2015) , this mass bin corresponds to a mean diameter a = 400 µm. Assuming R = 4.7 km, Eq. (3) provides v = 2.5 m s −1 at r = 10 km, v = 3.0 m s −1 at r = 20 km, and v = 3.2 m s −1 at r = 30 km, in good agreement with the GIADA data. The significantly higher dust speed observed at 30 km (4.2 m s −1 ) may be due to some general trend of the dust speed versus heliocentric distance, or more probably to the strong approximation given by the assumed spherical symmetry. The data relative to the bound-orbit phase show quite a strong dependence of particle velocity as a function of particle mass as v ∝ m −0.32 ± 0.18 , that is, consistent with the gamma value obtained by Eq. (3). In Rotundi et al. (2015) this was not the case because of either the different heliocentric distances or the large distances of the spacecraft from the nucleus at which those measurements were obtained. Computations of the gas drag in the non-spherical gas coma linked to the real shape of 67P nucleus (Crifo et al. 2004 ) will allow more realistic comparisons between data and models. Modeling will also allow us to investigate the perturbations on the motion of submicron particles due to the solar radiation pressure. The integrated flux of submicron particles coming from the Sun direction is about three times higher than the flux coming directly from the nucleus. We can estimate the ratio of the mean dust ejected flux from subsolar areas versus terminator areas taking into account the different flight time of reflected versus direct particles. The field of view of the Sun-pointing QCM allows GIADA to collect particles produced from the nucleus at a Sun-zenith angle <50
• . The flight time of these particles is a factor >cos(50 • ) longer than that of direct particles. Since the received dust flux scales according to the square of the dust flight time, we conclude that terminator areas emit a flux of submicron dust <15% than the flux of nucleus areas characterized by a Sun-zenith angle <50
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Summary and conclusions
GIADA was able to characterize the 67P coma dust environment at heliocentric distances between 3.42 and 2.36 AU, inbound toward the Sun, during the bound-orbit phase of the Rosetta space mission.
-We were able to describe the evolution of the 3D dust distribution with respect to the distance from the comet and to identify the spatial distribution of different types of dust particles: fluffy particles, that is, 0.2 to 2.5 mm porous aggregates of submicron grains (equivalent bulk density <1 kg m −3 ) and compact particles, ranging in size from 80 to 800 microns.
-For the fluffy particles it is difficult to confine a specific emitting area because of their diffused detections; the compact particles appear to be associated with the neck area.
-The dust emission of fluffy and compact particle has been analyzed with respect to nucleus illumination conditions. We conclude that there is a stronger correlation with the solar illumination for compact than for fluffy particles.
-Monitoring the coma terminator dust environment, we give a rough estimate of the dust activity increase at decreasing heliocentric distance of roughly a factor of about 6 from 3.36 to 2.43 AU.
-The measured masses and speeds of compact particles are in the range from 10 −10 to 3.9 × 10 −7 kg and from 0.3 to 12.2 m s −1 , respectively.
-The analysis of compact particle speeds versus cometocentric distance shows that in the dust acceleration region, the dust speed increases from 2.5 ± 0.8 m s −1 at 10 km to 4.3 ± 0.9 m s −1 at 30 km.
-The power-law index of the mass-dependent dust velocity is −0.32 ± 0.18.
-The dust flux of submicron particles coming from the solar direction is three times higher than the one coming directly from the nucleus. The measured dust flux anisotropy confirms what was predicted by on-ground dust coma observations (Fulle et al. 2010) .
GIADA is continuing to monitor the dust environment while 67P is increasing its activity as it approaches perihelion, which will occur on August 13, 2015. This will allow us to continue the 67P dust environment characterization and to contribute to reevalulating the dust-to-gas ratio that was previously determined by Rotundi et al. (2015) when Rosetta was approaching 67P (heliocentric distances from 3.6 to 3.4 AU). We will also work on the challenging objective of modeling the trace-back problem to obtain more precise information on the emitting areas.
